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DETAILED ACTION 
Claim Objections 

Claims 3, 4, 13, and 14 objected to because of the following informalities: the 
limitation "the layer of alpha-Ta has a thickness of 25-40 Angstroms" appears to be a 
typo, and should read beta-Ta instead of alpha-Ta, as in the originally submitted claims. 
Appropriate confection is required. 



Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which fomns the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1, 4, 10, 14, 20, 22, 23, and 25 are rejected under 35 U.S.C. 103(a) as 

being unpatentable over Nogami et al (U.S. Patent #6346745), in view of Seet et al 

(U.S. PG Pub #20040131878). 

With respect to claims 1 and 10, Nogami teaches a first dielectric layer 

over a substrate (Fig. 1, 12), copper inlaid in the first dielectric layer (Fig. 1,10 

and Col 6 Ln 4-7), and a barrier layer that caps the inlaid copper comprising: a 

layer of tantalum on an upper surface of the inlaid copper (Fig. 1 , 16), a layer of 

tantalum nitride on the layer of tantalum (Fig. 1, 15), and another layer of 
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tantalum on the TaN layer (Fig. 1, 13). Note that lines 49-52 in column 5 and 4- 
15 in column 6 state that the layer 13-16 in Figure 1 are reversed when copper is 
the lower feature. Nogami does not teach that layer of Ta on the inlaid copper is 
beta-Ta or that the Ta layer on the TaN layer is alpha-Ta. Seet teaches a layer 
of beta-Ta deposited over an inlaid copper layer (Fig. 1B, 28 and Paragraph 
01 19) and also teaches that alpha-Ta can be formed by depositing a Ta layer on 
a TaN layer (Paragraph 0122). It would have been obvious to one of ordinary 
skill in the art at the time the invention was made to provide the first Ta layer of 
Nogami as a beta-Ta layer and the second Ta layer as an alpha-Ta layer as 
taught by Seet in order to optimize the resistivity of the capping layer. 

With respect to claims 4, 14, 22, and 25, Nogami and Seet disclose the 
claimed invention except for the exact thickness of the alpha-Ta layer being 200- 
500 angstroms, but it is taught by Nogami to be 10-150 angstroms. Furthermore, 
from the thicknesses disclosed in claim 4 of Nogami it is found that the total 
thickness of the capping layer is in the range 60-750 Angstroms, while the total 
thickness from the current application is in the range of 245-640 Angstroms. The 
applicant's disclosure does not specify the critical element of the range, since 
such a modification would have involved a mere change in the size of a 
component. A change in size is generally recognized as being within the level of 
ordinary skill in the art. In re Rose, 105 USPQ 237 (CCPA 1955), It would have 
been obvious to change the size of the alpha-Ta layer in Nogami to be between 
200-500 angstroms in order to arrange the individual layers of the capping layer 
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to have a total thickness in the range of 245-640 Angstroms in order to fit into the 
recess of the copper inlay and to optimize the electric properties of the capping 
layer. 



Claims 2, 3, 5-8, 11-13, and 16-18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Nogami and Seet, in view of Sudijono et al (U.S. Patent #6706625). 
With respect to claims 2 and 11, Nogami and Seet teach all of the 
limitations of claims 1 and 10, respectively, but do not teach that the composite 
capping layer is formed in a recess in the inlaid Cu such that an upper surface of 
the alpha-Ta layer is substantially coplanar with an upper surface of the first 
dielectric layer. Sudijono teaches an inlaid copper portion (Fig. 8, 14) having a 
capping layer (Fig. 8, 16) that is formed is a recess of the copper portion and 
having an upper surface coplanar with an upper surface of the first dielectric 
layer (Fig. 8, 10), wherein the capping layer is planarized by CMP (Col 3 Ln 15- 
17). It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to form the capping layer of Nogami and Seet in a recess of 
the copper portion as taught by Sudijono in order to achieve better 
electromigration reliability. 

With respect to claims 3 and 13, Nogami, Seet. and Sudijono disclose the 
claimed invention except for the exact thickness of the alpha-Ta layer being 200- 
500 angstroms, but it is taught by Nogami to be 10-150 angstroms. Furthermore, 
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from the thicknesses disclosed in claim 4 of Nogami it is found that the total 
thickness of the capping layer is 60-750 Angstroms, while the total thickness 
from the current application is 245-640 Angstroms. The applicant's disclosure 
does not specify the critical element of the range, since such a modification 
would have involved a mere change in the size of a component. A change in 
size is generally recognized as being within the level of ordinary skill in the art. In 
re Rose, 105 USPQ 237 (CCPA 1955). It would have been obvious to change 
the size of the alpha-Ta layer in Nogami to be between 200-500 angstroms in 
order to arrange the individual layers of the capping layer to have a total 
thickness of 245-640 Angstroms in order to fit into the recess of the copper inlay 
and to optimize the electric properties of the capping layer. 

With respect to claims 5 and 12, Nogami and Seet teach all of the 
limitations of claims 3 and 1 1 , respectively, but do not teach a diffusion barrier 
lining and opening in the first dielectric layer, and the inlaid copper on the 
diffusion banrier filling the opening. Sudijono teaches a barrier layer lining an 
inlaid copper portion and the copper portion filing an opening in the first dielectric 
layer (Fig. 8, 12 and 14). It would have been obvious to one of ordinary skill in 
the art at the time the invention was made to line the inlaid copper portion of 
Nogami and Seet with a diffusion barrier as taught by Sudijono in order to reduce 
the migration of copper. 



Application/Control Number: 10/791.904 Page 6 

Art Unit: 2826 

With respect to claims 6, 7 and 16, 17. Nogami and Seet teach all of the 
limitations of claims 3 and 1 1 , respectively, and furthemiore Nogami teaches an 
alpha-Ta barrier layer lining an upper dielectric opening (Fig. 1,16), but do not 
teach a second dielectric layer over the first dielectric layer, or copper or a 
copper alloy inlaid in an opening in the second dielectric layer In electrical contact 
with the upper surface of the alpha-Ta layer. Sudijono teaches a second 
dielectric layer over the first dielectric layer (Fig. 8, 22) and copper inlaid in an 
opening in the second dielectric layer, the copper being in contact with the 
capping layer (Fig. 8. 30). It would have been obvious to one of ordinary skill in 
the art at the time the invention was made to provide the structure of Nogami and 
Seet with a second dielectric layer and with copper inlaid in the second dielectric 
layer and in contact with the upper alpha-Ta layer as taught by Sudijono in order 
to create a dual damascene structure. 

With respect to claims 8 and 18, Nogami, Seet, and Sudijono teach all of 
the limitations of claims 6 and 16, respectively, but Nogami and Seet do not 
teach an opening in a second dielectric layer that is a dual damascene opening, 
and that the dual damascene opening is filled with Cu or a Cu alloy forming an 
interconnect comprising a lower via in contact with an upper line. Sudijono 
teaches a dual damascene opening in a second dielectric layer, the opening filled 
with copper, and forming an interconnect comprising a lower via in contact with 
an upper line (Fig. 8). It would have been obvious to one of ordinary skill in the 
art at the time the invention was made to fill a dual damascene opening with 
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copper as taught by Sudijono because copper has favorable conductive 
properties. 

Claims 9 and 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nogami, Seet, and Sudijono, further in view of Gupta et a! (U.S. Patent #61 14243). 

With respect to claims 9 and 19, Nogami, Seet, and Sudijono teach all of 
the limitations of claims 8 and 18, respectively, but do not teach a composite 
capping layer on the copper filling the opening in the second dielectric layer 
comprising a layer of beta-Ta on the copper, a layer of tantalum nitride on the 
layer of beta-Ta, and a layer of alpha-Ta on the layer of tantalum nitride. Gupta 
teaches a dual damascene structure having a capping layer between two copper 
layers and a second capping layer over a top copper layer (Fig. 17, 40). It would 
have been obvious to one of ordinary skill in the art at the time the invention was 
made to provide a second composite capping layer as taught by Nogami, Seet, 
and Sudijono over the top inlaid copper portion as taught by Gupta in order to 
prevent copper migration from the top inlaid copper portion. 

Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Nogami, 
Seet, and Sudijono, in view of Lopatin et al (U.S. Patent #6096648). 

With respect to claim 15, Nogami, Seet, and Sudijono teach all of the 
limitations of claim 1 1 , but do not teach that the beta-Ta, tantalum nitride, and 
alpha-Ta layers are deposited by physical vapor deposition. Lopatin teaches that 
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tantalum can be deposited by pliysical vapor deposition (Col 4 Ln 18-22). It 
would have been obvious to one of ordinary skill in the art at the time the 
invention was made to deposit the tantalum layers using PVD as taught by 
Lopatin in order in to use a clean, dry vacuum deposition process. 



Allowable Subject Matter 

Claims 21 and 24 would be allowable if rewritten to overcome the rejection(s) 
under 35 U.S.C. 112, 2nd paragraph, set forth in this Office action and to include all of 
the limitations of the base claim and any intervening claims. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Ben P. Sandvik whose telephone number is (571) 272- 
8446. The examiner can normally be reached on Mon-Fri. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nathan Flynn can be reached on (571) 272-1915. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more infomiation about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

NATHAN J. FLYNN 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTffi^OO 
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